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,QWURGXFWLRQ
)RUGHFUHDVLQJWKHIRVVLOIXHOVFRQVXPSWLRQDQGUHGXFLQJDLUSROOXWLRQDWXUEDQOHYHOFXUUHQWSROLFLHVHQFRXUDJHD
WUDQVLWLRQWRGLVWULEXWHGHQHUJ\JHQHUDWLRQ'*DQGVXSSRUWLQLWLDWLYHVWRZDUGVGLVWULFWKHDWLQJDQGFRROLQJQHWZRUNV
'(6GLVWULFWHQHUJ\V\VWHPVSURPRWLQJWKHLQWHJUDWLRQRIUHQHZDEOHHQHUJ\VRXUFHV5(6
6LQFH V\VWHPV¶ RSHUDWLRQ UHTXLUHV D FRPSOH[ EDODQFLQJ IRUPD[LPL]LQJ WKH HIILFLHQF\ RUPLQLPL]LQJ WKH FRVW
FRPELQLQJWKHLQWHUPLWWHQWQDWXUHRI5(6H[FHSWELRPDVVHVZLWKQRQ5(6DQGRUVWRUDJHWHFKQRORJ\WKHDVVHVVPHQW
RIWKHHQHUJ\GHPDQGIOXFWXDWLRQVRIWKHEXLOGLQJVWRFNLVSUHOLPLQDU\IRUHQHUJ\SODQQLQJDWGLVWULFWVFDOH
7KHGHILQLWLRQRIWKHXUEDQHQHUJ\GHPDQGFRXOGEHDFFRPSOLVKHGWKURXJKGLIIHUHQWDSSURDFKHVDVKLJKOLJKWHGLQ
>@>@6HYHUDOVWXGLHV>@>@ZHUHDEOHWRXVHUHDOGDWDERWKIURPPRQLWRULQJFDPSDLJQVIRUVSHFLILFFDVHVWXGLHV
RUPHDVXUHGFRQVXPSWLRQVIURPHQHUJ\FRPSDQLHV+RZHYHUDFFRPSOLVKLQJDXGLWVRUPRQLWRULQJFDPSDLJQVLVDWLPH
DQGHFRQRPLFFRQVXPLQJSURFHGXUHZKLOHRIILFLDOGDWDRQHQHUJ\DUHQRWDYDLODEOHIRUDOOFRQWH[WV7KHUHIRUHVRPH
VWXGLHVUHJDUGWKHGHYHORSPHQWRIPHWKRGRORJLHVIRUORDGIRUHFDVWLQJZKLFKJHQHUDOO\FDQEHUHIHUUHGWRWKHIROORZLQJ
PDLQ DSSURDFKHV >@ WKH VWDWLVWLFDO RQHVZKLFK UHTXLUH D KXJH DPRXQW RI UHDO GDWD DQG VXUYH\ WKHPDWKHPDWLFDO
FRUUHODWLRQDPRQJFRQVLGHUHGIDFWRUVDQGWKHSK\VLFDORQHVZKLFKDUHEDVHGRQWKHGHWDLOHGFKDUDFWHUL]DWLRQRIWKH
EXLOGLQJVDQGRQFDOFXODWLRQRIHQHUJ\EDODQFHVHTXDWLRQV)RU LQVWDQFH3HGHUVHQHWDO >@KDYHHVWLPDWHG ORDG
SURILOHV IRU KHDW DQG HOHFWULFLW\ IRU GLIIHUHQW EXLOGLQJ W\SRORJLHV EDVHG RQ VWDWLVWLFDO DQDO\VLV RI PHDVXUHG
FRQVXPSWLRQVDQGHODERUDWHGDPHWKRGIRUDJJUHJDWLRQDWXUEDQOHYHO=LHJOHUHWDO>@JHQHUDOL]LQJDOOKHDWLQJORDG
FXUYHVRIFRQVLGHUHGEXLOGLQJW\SHVE\XVLQJGHQVLW\IXQFWLRQVKDYHGHILQHGDKHDWLQJGHQVLW\ORDGFXUYHIRUUHVLGHQWLDO
EXLOGLQJV2WKHUVWXGLHVKDYHIRFXVHGRQHOHFWULFLW\ORDGV>@>@>@E\DFFXUDWHO\DVVHVVLQJWKHGDLO\SURILOHVUHODWHG
WR HTXLSPHQW DQG DUWLILFLDO OLJKWLQJ XVH RU HVWLPDWLQJ WKH SUREDELOLW\ RI DFWLYDWLRQ DQG XVH RI HOHFWULF GHYLFHV
,QFUHDVLQJQXPEHURIVWXGLHVXVH$UWLILFLDO1HXUDO1HWZRUNIRUHVWLPDWLQJWKHHQHUJ\FRQVXPSWLRQVXVXDOO\EDVHGRQ
SDVWGDWD>@>@>@>@>@>@)RULQVWDQFH3RZHOOHWDO>@VLQFHPRQLWRUHGGDWDRIHQHUJ\FRQVXPSWLRQVDQG
FOLPDWLFGDWDIURPD8QLYHUVLW\FDPSXVKDYHGHULYHGKRXUO\ORDGVIRUERWKWKHUPDODQGHOHFWULFXVHV2ORIIVRQHWDO
>@VLQFHLQWHUQDOWHPSHUDWXUHVDQGHQHUJ\FRQVXPSWLRQVGHULYHGVLPSOLILHGHTXDWLRQVEDVHGRQRXWVLGHDQGLQVLGH
WHPSHUDWXUHVIRUGHILQLQJKRXUO\HQHUJ\FRQVXPSWLRQVIRUWKHUHVLGHQWLDOVHFWRU.DWRHWDO>@GHILQHGD5HFXUUHQW
1HXUDO1HWZRUNIRUIRUHFDVWLQJWKHWKHUPDOHQHUJ\FRQVXPSWLRQVLQQRQVWHDG\VWDWH
$ FRPSOH[LW\ LQ GHULYLQJ UHSOLFDEOHPHWKRGRORJLHV IRUGLIIHUHQW FRQWH[WV UDWKHU WKDQ IRU VSHFLILF FDVH VWXGLHV
HPHUJHVIURPWKHVWDWHRI WKHDUW(YHQ LI WKHQHHGRIGHDOLQJZLWK WKHVWRFKDVWLFQDWXUHRIHQHUJ\ ORDGVKDVEHHQ
KLJKOLJKWHGLQ>@WKHJHQHUDOL]HGDSSOLFDWLRQRIVWDWLVWLFDOPHWKRGVIRUHVWLPDWLRQRIORDGFXUYHVFRXOGEHFRPSOH[
FRQVLGHULQJWKHKXJHDPRXQWRIUHTXLUHGUHDOVWDWLVWLFDORUPRQLWRUHGGDWD
$VSUHYLRXV VWXGLHVKDYHVXFFHVVIXOO\ VKRZQ>@>@>@DQDOWHUQDWLYHDSSURDFKFRXOGEHEDVHGRQG\QDPLF
VLPXODWLRQ RI HQHUJ\ FRQVXPSWLRQV E\ UHSUHVHQWDWLYH EXLOGLQJ PRGHOV DQG DVVRFLDWLRQ RI GHILQHG YDOXHV WR WKH
FRQVLGHUHGEXLOGLQJVWRFN%DVHGRQWKLVDSSURDFKWKHSUHVHQWVWXG\KDVDVVHVVHGSURILOHVRIKRXUO\KHDWLQJDQGFRROLQJ
HQHUJ\QHHGVSURILOHVRIW\SLFDOUHVLGHQWLDODQGRIILFHEXLOGLQJPRGHOVZLWKUHIHUHQFHWRWKH,WDOLDQFRQWH[W
0HWKRGRORJ\
%XLOGLQJVWKHUPDOHQHUJ\QHHGVDUHVWULFWO\UHODWHGWRWKHORFDOFOLPDWHWRWKHFRQVWUXFWLRQFKDUDFWHULVWLFVDQGWRWKH
XVDJHSDWWHUQV,QRUGHUWRDVVHVVWKHHQHUJ\EHKDYLRURIGLIIHUHQWEXLOGLQJVROXWLRQVFKDUDFWHUL]LQJDODUJHEXLOGLQJ
VWRFNLWFDQEHXVHIXOWRSHUIRUPGHWDLOHGVLPXODWLRQRIUHIHUHQFHEXLOGLQJPRGHOV
)RUWKLVSXUSRVHW\SLFDOEXLOGLQJVROXWLRQVZHUHGHILQHGZLWKUHVSHFWWRWKHPRVWFRPPRQRQHVRIWKH,WDOLDQVWRFN
ZKLFKFRXOGDOVRFRQVWLWXWHDUHIHUHQFHIRUVLPLODUFRQWH[WVLQ6RXWKHUQ(XURSH
7KHWZRPRVWFRPPRQFDWHJRULHVRIEXLOGLQJXVHZHUHFRQVLGHUHGLQWKLVSKDVHRIWKHVWXG\WKHUHVLGHQWLDODQGWKH
GLIIXVHWHUWLDU\RIILFHRQHV6WDUWLQJIURPDXVXDOSDUDOOHOHSLSHGVKDSHILYHGLIIHUHQWHQYHORSHVROXWLRQVZHUHGHILQHG
WREHUHSUHVHQWDWLYHRIOLNHO\SUDFWLFHVIURPWKHWKUHHPDLQFRQVWUXFWLRQDJHVDQGIRUFRQVLGHULQJWKHZLGHQDWLRQDO
FOLPDWLFYDULDELOLW\VHYHQFOLPDWLFORFDWLRQVZHUHVHOHFWHG
,QRUGHUWRWDNHLQWRDFFRXQWWKHUDQGRPRULHQWDWLRQRIWKHEXLOGLQJVLQDJHQHULFVWRFNHQHUJ\VLPXODWLRQVRIWKH
UHVXOWLQJFDVHVWXGLHVZHUHSHUIRUPHGE\PHDQVRI7516<6PRGHO>@E\URWDWLQJWKHEXLOGLQJVEDVHGRQWKHWZR
D[LV LHQRUWKVRXWKDQGHDVWZHVW WRFRYHU WKH IRXUPDLQH[SRVXUHVDQG WKHDYHUDJHYDOXHVRIREWDLQHG WKHUPDO
HQHUJ\QHHGVKDYHEHHQFRQVLGHUHGDVRYHUFRPHV
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2.1. Building models and thermal zones  
7KHEXLOGLQJPRGHOVKDYHDUHFWDQJXODUSODQGLPHQVLRQVDUHPîPZLWKILYHFRQGLWLRQHGIORRUVRYHUDQ
XQFRQGLWLRQHGEDVHPHQWHJJDUDJHFHOODUVWHFKQLFDOURRPV
,QRUGHUWRSURSHUO\DVVLJQWKHLQWHUQDOORDGVDFFRUGLQJWRWKHGLIIHUHQWVSDFHVXVHVHHVHFWLRQDVFKHPDWLF
OD\RXWRIWKHW\SLFDOEXLOGLQJIORRUZDVGHILQHG,QGHWDLOWKHW\SLFDOIORRURIWKHUHVLGHQWLDOEXLOGLQJVLVEDVHGRQD
JUHHG RI  VTXDUH WKHUPDO ]RQHV PHDFK KROGV WKUHH GLIIHUHQW VL]H IODWV   DQG P UHVSHFWLYHO\
FRUUHVSRQGLQJWRDWRWDORIPIRUERWKOLYLQJURRPVDQGEHGURRPVPIRUNLWFKHQVDQGPIRUEDWKURRPV
DQGDPRIXQFRQGLWLRQHGYHUWLFDOGLVWULEXWLRQVSDFHLHVWDLUDQGOLIW)RUWKHRIILFHEXLOGLQJVWKHW\SLFDOIORRU
KROGVFRQGLWLRQHGVTXDUHRIILFHURRPVPHDFKRQHSODFHGRQWKHWZRPDLQIDFDGHVDQGZLWKDQXQFRQGLWLRQHG
GLVWULEXWLRQVSDFHPLQEHWZHHQ
%DVHG RQ WKH WKHUPDO ]RQHV GHILQHG IRU WKH W\SLFDO IORRU OD\RXWV ZLQGRZV DUH FRQVLGHUHG RQ DOO IDoDGHV LQ
UHVLGHQWLDOEXLOGLQJVDQGRQWKHWZRPDLQRQHVLQWKHRIILFHEXLOGLQJV


)LJ%XLOGLQJPRGHOVRIUHVLGHQWLDOOHIWDQGRIILFHULJKWEXLOGLQJV/HJHQG%EHGURRP/OLYLQJURRP.NLWFKHQ7WRLOHW2RIILFH
2.2. Buildings construction and climatic locations 
7KHEXLOGLQJPRGHOVFRQVWUXFWLRQZDVGHILQHGEDVHGRQSUHYLRXVZRUNVRIWKHDXWKRUV>@IRUOLPLWLQJWKHQXPEHU
RIWKHFRQVLGHUHGYDULDEOHVWKHLQWHUQDOVWUXFWXUHVUHPDLQDOZD\VWKHVDPHEDVHGRQWKHZLGHO\GLIIXVHRQHVKROORZ
EULFNVZDOOVDQGFRQFUHWHDQGPDVRQU\VODEVZKLOHWKHKRUL]RQWDOHQYHORSHFRPSRQHQWVDJDLQVLPSOHFRQFUHWHDQG
PDVRQU\VROXWLRQVRQO\FKDQJHUHJDUGLQJWKHSUHVHQFHDQGWKLFNQHVVRIDSRVVLEOHLQVXODWLRQOD\HUGHSHQGLQJRQWKH
UHTXLUHPHQWVRIWKHFRQVLGHUHGFRQVWUXFWLRQSHULRG+HQFHWKHPDLQYDULDWLRQUHJDUGVWKHYHUWLFDOEXLOGLQJHQYHORSH
DQGLQYROYHVDZLQGRZSHUFHQWDJHDQGDFRQVWUXFWLRQVROXWLRQWKDWDUHUHSUHVHQWDWLYHRIOLNHO\SUDFWLFHVIURPWKUHH
PDLQFRQVWUXFWLRQDJHVQHZO\EXLOWDQGYHU\ROG7KHUHIRUH IRUHYHU\FRQVWUXFWLRQDJH³FRQYHQWLRQDO´
YHUWLFDOHQYHORSHVROXWLRQVKDYHEHHQWDNHQLQWRDFFRXQWZLWKPDVRQU\H[WHUQDOZDOOVDQGDZLQGRZVXUIDFHHTXDOWR
RIWKHIORRUDUHDZKLFKLVDGLIIXVH,WDOLDQSUD[LVWRSURYLGHQDWXUDOYHQWLODWLRQDQGOLJKWLQJZKLOHDOWHUQDWLYHPRUH
JOD]HGDQG OLJKWHU VROXWLRQVKDYHEHHQFRQVLGHUHG IRU WKHRIILFHEXLOGLQJVRI WKHFRQWHPSRUDU\DQGDJHV
7DEOH7DEOH
,QRUGHUWRWDNHLQWRDFFRXQWWKHZLGHQDWLRQDOFOLPDWLFYDULDELOLW\WKHORFDWLRQVZHUHVHOHFWHGFRQVLVWHQWO\ZLWKWKH
7HVW5HIHUHQFH<HDUFOLPDWLFILOHVZLWKLQ7516<6GDWDEDVHDFFRUGLQJWRERWKWKHLUKHDWLQJGHJUHHGD\VUHSRUWHGLQ
>@ZKLFK UHSUHVHQW WKH DLU WHPSHUDWXUH FKDUDFWHULVWLFV DQG VLQFH QRRIILFLDO UHIHUHQFH FRROLQJGHJUHHGD\V DUH
SURYLGHGIRUWKH,WDOLDQFLWLHVWRWKHLUODWLWXGHIRUGLVWLQJXLVKLQJLQILUVWDQDO\VLVWKHDPRXQWVRIVRODUUDGLDWLRQWKDW
LQIOXHQFHVWKHEXLOGLQJSHUIRUPDQFHLQVXPPHU>@$VDUHVXOWWKHVHYHQGLIIHUHQWORFDWLRQVUHSRUWHGLQ7DEOHKDYH
EHHQFRQVLGHUHG
2.3. Internal heat loads and air change rate  
7KH,WDOLDQWHFKQLFDOVWDQGDUG81,76>@GHILQHVWKHSURFHGXUHWRFDOFXODWHWKHEXLOGLQJKHDWLQJDQG
FRROLQJQHHGVEXWEXLOGLQJXVHSURILOHVHQRXJKGHWDLOHGGLVDJJUHJDWHGE\W\SHDUHQRWSURYLGHG$OWHUQDWLYHO\WKH
6ZLVV7HFKQLFDO:RUNVKHHW6,$>@ZDVFRQVLGHUHGIRUWKLVVWXG\
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7KH6,$SURYLGHVWKHQHHGHGDVVXPSWLRQVIRUEXLOGLQJHQHUJ\XVHFDOFXODWLRQVZKHQQRRWKHUVRXUFHVLH
GLUHFWVXUYH\DUHDYDLODEOH,WDOVRSURYLGHVGHWDLOHGRFFXSDQF\DQGDSSOLDQFHXVHGDWDH[SUHVVHGLQWHUPVRIYDOXHV
SHRSOHSHUIORRUDUHDLQVWDOODWLRQSRZHUGHQVLW\HWFDQGKRXUO\VFKHGXOHVWKDWPRGXODWHWKHRFFXSDQF\DVZHOODV
WKHORDGVRIWKHLQVWDOODWLRQVZKLFKGRQRWRSHUDWHDWWKHLUQRPLQDOSRZHUDOOWKHWLPH
7DEOH&RQVWUXFWLRQVFKHPHVDQGOD\HUVRIWKHRSDTXHSDUWRIWKHH[WHUQDOZDOOVIRUWKHGLIIHUHQWFDVHV
6FKHPH /D\HUV 7KLFNQHVV 8YDOXH +HDW&DSDFLW\
>FP@ >:P.@ >N-P.@
New
Conventional 
  
LQ
H[W
 *\SVXPSODVWHU 

0,763$ a
 +LJKGHQVLW\KROORZEULFNV 
 ,QVXODWLRQPLQHUDOZRRO 
0,763$
 +LJKGHQVLW\KROORZEULFNV 
 &HPHQWSODVWHU 
New
Glazed
  
LQ

H[W
 *\SVXPSODVWHU 

0,763$ a
 +ROORZEULFNV 
 ,QVXODWLRQPLQHUDOZRRO 
0,763$
 +ROORZEULFNV 
 &HPHQWSODVWHU 
60/80
Conventional 
  
LQ

H[W
 *\SVXPSODVWHU 
 
 +ROORZEULFNV 
 $LU 
 +ROORZEULFNV 
 &HPHQWSODVWHU 
60/80
Sandwich Largely 
Glazed
  
 
LQ
H[W
 *\SVXPERDUG 
 
 ,QVXODWLRQPLQHUDOZRRO 
 )LEHUFHPHQWERDUG 
Old
Conventional 
  
LQ

H[W
 *\SVXPSODVWHU 

0,3(
503$

0,3(503$
 )XOO%ULFNV0,3(
7XII503$

 &HPHQWSODVWHU 

7KHXVDJHSDWWHUQVZHUHGHULYHGE\DKXJHDPRXQWRIVXUYH\HGGDWDLQRUGHUWRFRYHUPRVWRIWKHSRVVLEOHEXLOGLQJ
W\SHVDWRWDORIEXLOGLQJRUHYHQ]RQHXVHVDUHVXPPDUL]HGLHKRWHOVRIILFHVRSHQVSDFHRIILFHVNLWFKHQOLYLQJ
URRPVHWF7KHUHIRUHDOVRFRQVLGHULQJWKDWWKH6ZLVVFRQWH[WLVQRWPXFKGLIIHUHQWIURPWKH,WDOLDQRQH6,$
ZDVDVVXPHGDVUHIHUHQFHIRUWKHHQHUJ\VLPXODWLRQVDFFRUGLQJWRWKHPHWKRGRORJ\GHILQHGLQ>@

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7DEOH2IILFHURRPVJOD]HGVXUIDFHFKDUDFWHULVWLFVIRUWKHGLIIHUHQWFDVHV
6ROXWLRQV 'LPHQVLRQV :LQGRZ8YDOXH
>:P.@
6RODUKHDWJDLQFRHIILFLHQW
J
New Conventional 


0,76±3$

0,76±3$
60/80 Conventional  
Old Conventional 
New Glazed

±
0,76±3$

0,76±3$
60/80 Sandwich 
Largely Glazed 

 
7DEOH+HDWLQJGHJUHHGD\V+''DQGODWLWXGHVRIWKHVHOHFWHGORFDWLRQV
 %RO]DQR 0LODQR 7ULHVWH 3HVFDUD 5RPD 1DSROL 3DOHUPR
+''       
/DWLWXGH1       

)RUKRPRJHQHRXVO\DVVLJQLQJWKHLQWHUQDOORDGVWRWKHHQWLUHEXLOGLQJPRGHOVWKHSHDNGHQVLW\YDOXHVLQ:PRI
IORRUVXUIDFHZLWKUHODWHGPRGXODWLQJVFKHGXOHVIRURFFXSDQF\HTXLSPHQWXVHDQGDUWLILFLDOOLJKWLQJSURYLGHGIURP
6,$IRUGLIIHUHQW]RQHXVHVKDYHEHHQZHLJKWHGDFFRUGLQJWRWKH]RQHVRIWKHOD\RXWVLQVHFWLRQ
6LPLODUO\ WKH DLU FKDQJH YROXPHV DQG UHODWHGPRGXODWLQJ VFKHGXOHV LQ DGGLWLRQ WR D FRQVWDQW UDWH RI  K
FRQVLGHUHGGXHWRLQILOWUDWLRQVKDYHEHHQDVVLJQHGWRWKHHQWLUHEXLOGLQJPRGHOV
7KHGHWDLOHGKRXUO\YDOXHVREWDLQHGDUHUHSRUWHGLQWKHIROORZLQJILJXUHV


)LJ,QWHUQDOKHDWORDGVRIUHVLGHQWLDOEXLOGLQJV  )LJ,QWHUQDOKHDWORDGVRIRIILFHEXLOGLQJV

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
)LJ$LUFKDQJHUDWHRIUHVLGHQWLDOEXLOGLQJV  )LJ$LUFKDQJHUDWHRIRIILFHEXLOGLQJV
2.4. Space heating and cooling settings 
,Q,WDO\WKHKHDWLQJVHDVRQOHQJWKDQGWKHOLPLWHGQXPEHURIKRXUVSHUGD\LQZKLFKWKHXVHRIKHDWLQJV\VWHPVLV
DOORZHGLVGHILQHGEDVHGRQWKH+''VDFFRUGLQJWR>@ZKLOHDQ\QDWLRQDOUXOHGRHVQ¶WFRQFHUQWKHFRROLQJV\VWHPV
XVH
7DEOH6SDFHKHDWLQJVHDVRQOHQJWKDQGOLPLWHGQXPEHURIKRXUVSHUGD\RIWKHVHOHFWHGORFDWLRQV
/RFDWLRQ %RO]DQR±0LODQR7ULHVWH 3HVFDUD5RPD 1DSROL 3DOHUPR
&OLPDWH]RQH ( ' & %
+HDWLQJVHDVRQ 2FWWK$SUWK 1RYVW$SUWK 1RYWK0DUFKVW 'HFVW0DUFKVW
0D[KRXUVSHUGD\    

)RUWKHRIILFHEXLOGLQJVDGGLWLRQDOO\ERWKKHDWLQJDQGFRROLQJQHHGVKDYHEHHQHYDOXDWHGZLWKUHIHUHQFHWRWKH
XVXDOWHUWLDU\V\VWHPRSHUDWLRQVRQO\EDVHGRQWKHSHULRGRIRFFXSDQF\5HJDUGLQJVHWSRLQWWHPSHUDWXUHVUHIHUUHG
WR&IRUKHDWLQJDQG&IRUFRROLQJDVXVXDOO\WKHIROORZLQJFRQVLGHUDWLRQVKDYHEHHQDVVXPHG
,QFRPPRQSUDFWLFHDFWLYHV\VWHPVDUHUHJXODWHGDFFRUGLQJWRDLUWHPSHUDWXUHVHQVRUVDQGWKHEXLOGLQJVLPXODWLRQ
SUD[LVUHIHUVWRWKHVDPHDSSURDFK+RZHYHUWKHVHWSRLQWUHJXODWLRQDGRSWHGIRUWKHEXLOGLQJPRGHOVRIWKLVVWXG\
ZDVSHUIRUPHG DFFRUGLQJ WRRSHUDWLYH WHPSHUDWXUH WKDQNV WR WKLV DVVXPSWLRQ LW LV SRVVLEOH WRSURSHUO\ WDNH LQWR
DFFRXQWWKHSHUIRUPDQFHVRIWKHGLIIHUHQWEXLOGLQJHQYHORSHVLQFRQWULEXWLQJWRRYHUDOOWKHUPDOFRPIRUWVHQVDWLRQLH
LQSURYLGLQJVXLWDEOHVXUIDFHUDGLDQWWHPSHUDWXUHV7KHVHODVWRQHVLQFDVHRIXQIDYRXUDEOHUHVXOWLQJYDOXHVDUHRIWHQ
UHVSRQVLEOH RI DQ RYHUXVLQJ WKH DLU FRQGLWLRQLQJ V\VWHPV IRU FRUUHFWLQJ WKH LQGRRU FRQGLWLRQ DLU VLGH LPSO\LQJ
DGGLWLRQDOHQHUJ\FRQVXPSWLRQV $GGLWLRQDOO\ IRU WKH UHVLGHQWLDOEXLOGLQJPRGHOVYDULDEOHRSHUDWLYH WHPSHUDWXUH
YDOXHVZHUHFRQVLGHUHGIRUDVVHVVLQJWKHWKHUPDOHQHUJ\QHHGVDFFRUGLQJWRWKHDGDSWLYHFRPIRUWDSSURDFKZKLFKKDV
DG\QDPLFIRUPGHSHQGLQJRQDWUDQVLHQWSDUDPHWHUVXFKDVWKHH[WHUQDOWHPSHUDWXUHRIWKHFRQVLGHUHGSHULRG>@
$GDSWLYHFRPIRUWHTXDWLRQVZHUHGHYHORSHGIRUGLIIHUHQWEXLOGLQJXVHVDQGFOLPDWLFFRQWH[WVRQWKHDVVXPSWLRQWKDW
WKHRFFXSDQWVDUHDQDFWLYHSDUWRIWKHHQFORVHGHQYLURQPHQWWKH\FDQLQWHUDFWZLWKWKHFRQVWUXFWLRQDQGFDQDIIHFW
WKHEXLOGLQJERXQGDU\FRQGLWLRQVUHJDUGOHVVRIWKHSUHVHQFHRIDQDLUFRQGLWLRQLQJV\VWHPDVXVXDOLQ,WDOLDQUHVLGHQWLDO
VHFWRU,QWKHVHFRQGLWLRQVWKHUHDOWKHUPDOQHHGVVWURQJO\GHSHQGRQWKHFRPIRUWPLWLJDWLRQVWUDWHJLHVDGRSWHGE\
XVHUVDQGWKHWKHUPDOH[SHFWDWLRQVDUHVWULFWO\UHODWHGWRWKHRXWVLGHPHDQFOLPDWLFFRQGLWLRQVWKHUPDOH[SHULHQFH
,QSDUWLFXODUWKHHTXDWLRQVDGRSWHGLQ>@ZHUHDVVXPHGIRUWKLVVWXG\
2XWFRPHV
$VDQH[DPSOHRI WKHRXWFRPHVVHW WKHKRXUO\KHDWLQJDQGFRROLQJQHHGVGHQVLWLHVDVVHVVHG IRU WKH UHVLGHQWLDO
EXLOGLQJFRQYHQWLRQDODQGIRU WKHRIILFHEXLOGLQJODUJHO\JOD]HGRI WKHFRQVWUXFWLRQSHULRGRIWKHRQH
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UHVSRQVLEOHRI WKH ODUJHVWDPRXQWRI WKH,WDOLDQH[LVWLQJVWRFNDUHJUDSKLFDOO\ UHSRUWHGZLWKUHIHUHQFH WR WKH WZR
H[WUHPHORFDWLRQVFRQVLGHUHGZLWKLQ,WDOLDQFOLPDWH


)LJ+RXUO\WKHUPDOHQHUJ\QHHGVRIWKHUHVLGHQWLDOEXLOGLQJV&RQYHQWLRQDOLQWKHWZRH[WUHPHFRQVLGHUHGORFDWLRQV

)LJ+RXUO\WKHUPDOHQHUJ\QHHGVRIWKHRIILFHEXLOGLQJV6DQGZLFK/DUJHO\*OD]HGLQWKHWZRH[WUHPHFRQVLGHUHGORFDWLRQV
7KHUHSRUWHGH[DPSOHRIRXWFRPHVKLJKOLJKWVWKHGLIIHUHQWPDJQLWXGHRIWKHUPDOQHHGVGHQVLWLHVGXHWRWKHQDWLRQDO
FOLPDWLF UDQJH IRU ERWK UHVLGHQWLDO DQG RIILFH EXLOGLQJV0RUHRYHU WKH GLIIHUHQFHV LQ KHDWLQJ QHHGV GHQVLWLHV DUH
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UHOHYDQWIRUERWKXVHVFRQYHUVHO\FRROLQJQHHGVGHQVLWLHVUHYHDOFRPSDUDEOHSHDNVHYHQLIWKHUHVXOWLQJFRROLQJSHULRG
LVVLJQLILFDQWO\PRUHH[WHQGHGLQ6RXWKHUQ,WDO\
&RQFOXVLRQV
7KHVWXG\SUHVHQWHGLQWKLVSDSHULVSUHOLPLQDU\IRUWKHDVVHVVPHQWRIWKHWKHUPDOHQHUJ\GHPDQGIOXFWXDWLRQVRI
EXLOGLQJVWRFNVIRURSWLPL]LQJWKHGLVWULFWHQHUJ\V\VWHPV¶RSHUDWLRQWRZDUGWKHHQHUJ\SODQQLQJDWXUEDQVFDOHEDVHG
RQ WKHFXUUHQWSROLFLHV)RU WKLVSURSRVDO VWDUWLQJ IURPD UHIHUHQFHSDUDOOHOHSLSHGVKDSHD VHWRIEXLOGLQJHQHUJ\
PRGHOVUHSUHVHQWDWLYHRIW\SLFDOVROXWLRQVRIGLIIHUHQWFRQVWUXFWLRQDJHVZDVGHILQHGIRUERWKUHVLGHQWLDODQGGLIIXVH
WHUWLDU\RIILFHXVH2QFHHODERUDWHGKRXUO\LQWHUQDOORDGVFXUYHVEDVHGRQWKHDFFXUDWH6ZLVVVWDQGDUG6,$LW
ZDVSRVVLEOHWRSURYLGHSHUIRUPLQJGHWDLOHGVLPXODWLRQVZLWK7516<6PRGHOWKHUPDOHQHUJ\QHHGSURILOHVRIWKH
W\SLFDOEXLOGLQJVSODFHGLQGLIIHUHQWFOLPDWLFORFDWLRQVFRYHULQJWKHZLGHUDQJHRI,WDOLDQFRQWH[W
5HVXOWLQJ KRXUO\ GHQVLW\ YDOXHV UHIHUUHG WR FXELF PHWHU RI EXLOGLQJ YROXPH FDQ EH WDNHQ LQWR DFFRXQW IRU
HODERUDWLQJUHIHUHQFHKRXUO\SURILOHVHJSDWWHUQRIWKHW\SLFDOVHDVRQDOZHHNWREHXVHGIRUDVVHVVLQJWKHRYHUDOO
KRXUO\HQHUJ\QHHGVRIDQ\EXLOWDUHDLQ,WDO\RQFHWKHDFWXDOEXLOWYROXPHRIHDFKEXLOGLQJW\SHRIWKHFRQVLGHUHG
EXLOGLQJ VWRFN LV NQRZQ%DVHGRQERWK WKHEXLOGLQJ W\SRORJLHV DQG WKH FOLPDWLFYDULDELOLW\ FRQVLGHUHG WKHPDLQ
DVVXPSWLRQVDGRSWHGIRUGHYHORSLQJWKHVWXG\FRXOGEHH[WHQGHGWRRWKHUFRPSDUDEOHFRQWH[WLQVRXWKHUQ(XURSH
)XUWKHUGHYHORSPHQWZLOOUHJDUGDVHQVLWLYLW\DQDO\VLVRIWKHEXLOGLQJVWKHUPDOHQHUJ\QHHGVSURILOHVUHODWHGWRWKH
EXLOGLQJ IRUPIDFWRUV LH WKHVXUIDFHWRYROXPH UDWLRZKLFKGHILQHV WKHFRPSDFWQHVVDQG WRDGGLWLRQDOEXLOGLQJ
IHDWXUHVHJVKDGLQJGHYLFHVWLOWHGURRIVHWF
$FNQRZOHGJHPHQWV
7KHDXWKRUVWKDQN9DOHQWLQD=DQRWWRIURP$PVWHLQ:DOWKHUW$*=ULFK6ZLW]HUODQGFRDXWKRURI>@PDLQ
UHIHUHQFHIRULPSOHPHQWLQJWKLVVWXG\
5HIHUHQFHV
>@ :*X=:X%R5:/LX*=KRX:&KHQ=:X0RGHOLQJSODQQLQJDQGRSWLPDOHQHUJ\PDQDJHPHQWRIFRPELQHGFRROLQJ
KHDWLQJDQGSRZHUPLFURJULG$UHYLHZ,QWHUQDWLRQDO-RXUQDORI(OHFWULFDO3RZHU	(QHUJ\6\VWHPV
>@ -.HLUVWHDG -0 -HQQLQJV$ 6LYDNXPDU$ UHYLHZ RI XUEDQ HQHUJ\ V\VWHPPRGHOV$SSURDFKHV FKDOOHQJHV DQG RSSRUWXQLWLHV
5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\5HYLHZV
>@ 00DQIUHQ3&DSXWR*&RVWD3DUDGLJPVKLIWLQXUEDQHQHUJ\V\VWHPVWKURXJKGLVWULEXWHGJHQHUDWLRQ0HWKRGVDQGPRGHOV$SSOLHG
(QHUJ\
>@ 30DQFDUHOOD0(6PXOWLHQHUJ\V\VWHPV$QRYHUYLHZRIFRQFHSWVDQGHYDOXDWLRQPRGHOV(QHUJ\
>@ $0LUDN\DQ5'H*XLR,QWHJUDWHGHQHUJ\SODQQLQJLQFLWLHVDQGWHUULWRULHV$UHYLHZRIPHWKRGVDQGWRROV5HQHZDEOHDQG6XVWDLQDEOH
(QHUJ\5HYLHZV±
>@ 6,$0HUNEODWW6WDQGDUG1XW]XQJVEHGLQJXQJHQIUGLH(QHUJLHXQG*HElXGHWHFKQLN6RFLHWj6YL]]HUDGHJOL,QJHJQHULHGHJOL
$UFKLWHWWL=XULJRLQ*HUPDQ
>@ 3)DULD=9DOH-%DSWLVWD&RQVWUDLQHGFRQVXPSWLRQVKLIWLQJPDQDJHPHQWLQWKHGLVWULEXWHGHQHUJ\UHVRXUFHVVFKHGXOLQJFRQVLGHULQJ
GHPDQGUHVSRQVH(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW
>@ $1HWR)6DQ]RYR)LRUHOOL&RPSDULVRQEHWZHHQGHWDLOHGPRGHOVLPXODWLRQDQGDUWLILFLDOQHXUDOQHWZRUNIRU IRUHFDVWLQJEXLOGLQJ
HQHUJ\FRQVXPSWLRQ(QHUJ\DQG%XLOGLQJV±
>@ % &RVLF 10DUNRYVND * .UDMDFLF 9 7DVHND 1 'XLF (QYLURQPHQWDO DQG HFRQRPLF DVSHFWV RI KLJKHU 5(6 SHQHWUDWLRQ LQWR
0DFHGRQLDQSRZHUV\VWHP$SSOLHG7KHUPDO(QJLQHHULQJ
>@ <RKDQLV0RQGRO:ULJKW1RUWRQ5HDOOLIHXVHLQWKH8.KRZRFFXSDQF\DQGGZHOOLQJFKDUDFWHULVWLFVDIIHFWGRPHVWLFHOHFWULFLW\XVH
>@ -2UWL])*XDULQR-6DORP&&RUFKHUR0&HOOXUD6WRFKDVWLFPRGHOIRUHOHFWULFDOORDGVLQ0HGLWHUUDQHDQUHVLGHQWLDOEXLOGLQJV
9DOLGDWLRQDQGDSSOLFDWLRQV(QHUJ\DQG%XLOGLQJV±
>@ --DUGLQL&7DKDQ0*RXYHLD$6H8Q))LJXHLUHGR'DLO\ORDGSURILOHVIRUUHVLGHQWLDOFRPPHUFLDODQGLQGXVWULDOORZYROWDJH
FRQVXPHUV,(((7UDQVDFWLRQ3RZHU'HOLYHU\±
>@ 0%HFFDOL0&HOOXUD9/R%UDQR$0DUYXJOLD)RUHFDVWLQJGDLO\XUEDQSURILOHVXVLQJHOHFWULFLW\DUWLILFLDOQHXUDOQHWZRUNV(QHUJ\
&RQYHUVLRQDQG0DQDJHPHQW
>@ 3&DSXWR*&RVWD6)HUUDUL$VXSSRUWLQJPHWKRGIRUGHILQLQJHQHUJ\VWUDWHJLHVLQWKHEXLOGLQJVHFWRUDWXUEDQVFDOH(QHUJ\3ROLF\

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